Although penetrating abdominal trauma is on the increase in Australia, blunt trauma continues to account for the majority of cases and usually presents a more challenging problem than the former. Diagnosis has been greatly facilitated by the widespread use of peritoneal lavage and computerised tomography. Conservative management of solid organ ruptures, especially of the spleen, is being increasingly utilised in selected cases. If haemorrhage continues following initial resuscitation, urgent laparotomy is required. Heroic attempts at achieving normovolaemia in the presence of major haemorrhage must not be allowed to delay laparotomy. Postoperative problems such as intra-abdominal sepsis or visceral infarction usually have few if any localising features; more typically multiple organ failure insidiously develops. When no clear extra-abdominal cause exists, laparolOmy mUST nO[ be delayed.
Blunt and penetrating abdominal trauma present widely differing problems with respect to ease of diagnosis, management and prognosis. In Australasia, blunt abdominal trauma continues to account for the vast majority of cases, and serious injuries are usually the result of high-speed road accidents. Although on the increase, stab and missile injuries account for a small proportion of cases, particularly when compared with the United States, South Africa and areas of military conflict. In all respects, blunt trauma presents a more challenging problem than penetrating injuries. I PRE-OPERATIVE ASSESSMENT The most difficult aspect in the management of blunt abdominal trauma is the diagnosis. Often there are multiple and more obvious *F.R.C.S., F.R.A.C.S., Visiting Surgeon. associated injuries which may result in masking of the abdominal problem. Most commonly these are fractures, head and chest injuries. Impaired consciousness is often present due to head JllJury, alcohol intoxication or hypovolaemic shock. Although many intraabdominal injuries are easy to diagnose, others can be difficult to evaluate. The areas posing the greatest challenge, often clinically and radiologically 'silent', are the thoracic abdomen, the retroperitoneum and the pelvis. 2 
Clinical features
A careful history must be taken and examination of the entire patient must be performed. In many cases no specific history is available, and abdominal findings may be negative. Shoulder-tip pain in the absence of local trauma is virtually diagnostic of subdiaphragmatic haemoperitoneum. For purposes of evaluating trauma, the abdomen is considered to lie between the nipples and the perineum. Seemingly trivial contusions or clothing imprints over the lower chest or abdominal wall are of great diagnostic significance, and can often guide the surgeon to the likely site of injury. Abdominal distension associated with shock in the first few hours is an ominous sign of exanguinating haemorrhage and carries a poor prognosis. Prolonged attempts to restore such patients to normovolaemia prior to laparotomy are usually fruitless and often detrimental.
The most frequent abdominal findings are signs of peritonism, and even when present alone, tenderness and guarding warrant definitive investigations or laparotomy. The absence of such signs, however, by no means excludes an abdominal injury. Blood is a relatively minor peritoneal irritant and, particularly when overshadowed by other painful injuries, may result in no pain or tenderness.
Unexplained blood loss following trauma must fit into one of the following categories: a) Unrecorded blood loss at the site of the accident. This may result from seemingly trivial injuries, e.g. facial and scalp lacerations. b) Limb and pelvic fractures. Pelvic fractures in particular may present formidable problems with massive bleeding into the surrounding tissues. However, conservative treatment of these is indicated wherever possible, as attempts to arrest such haemorrhage by open surgery are often unsuccessful and attended by high mortality. The tamponade effected by the pelvic peritoneum and viscera is best left undisturbed unless continuing major haemorrhage becomes otherwise unmanageable. Arteriography should always precede surgery in such cases, as the major source of haemorrhage may be identified and embolised, or at least the surgeon may be guided directly to the offending vessel. c) Gross haemothorax which can be easily excluded clinically. d) Silent haemoperitoneum. chest X-ray may reveal diaphragmatic rupture, most of which occur on the left side. (Rightsided ruptures are attended by a higher mortality due to more serious associated injuries. 3 ) Fractured ribs in the area of the kidneys or spleen and pneumoperitoneum may also be visible. If a satisfactory 'sitting erect' chest X-ray is obtained, a single-supine abdominal film suffices; otherwise a left lateral decubitus film will be necessary to demonstrate pneumoperitoneum.
Contrary to the situation in non-traumatic abdominal pain, a raised serum amylase is a strong indication for laparotomy. This finding may reflect either intestinal perforation or traumatic pancreatitis, and even cases of the latter warrant surgical exploration to exclude major pancreatic duct and other injuries. 4 Biliary tract or intestinal perforations are rapidly followed by the appearance of chemically detectable biliuria. Miscroscopic haematuria is usually due to renal contusion and elaborate investigations to exclude major renal injury are not indicated by this finding alone. Macroscopic haematuria warrants radiological visualisation of the urinary tract.
Peritoneal lavage.
The widespread acceptance of peritoneal lavage in the past decade represents the single most significant advance in the management of abdominal trauma. Its high degree of accuracy in detecting or excluding visceral injury has been verified repeatedly in recent years. 5 -11 The main value of peritoneal lavage lies in its ability to reliably demonstrate the presence or absence of haemoperitoneum. The procedure is straightforward and fairly standard with minor variations. The patient will experience virtually no discomfort if this procedure is performed with due care. The author prefers the following technique:
The bladder is emptied by catheter if necessary. A suitable local anaesthetic is injected immediately below the umbilicus using a 23 gauge 32 mm needle mounted on a 5 ml syringe. A cutaneous bleb is raised, and the needle is directed at an angle of 45 0 towards the pelvis, injecting all the time, until the hilt of the needle abuts the skin. This ensures adequate anaesthesia of the linea alba and peritoneum. No harm will result should the needle pierce the peritoneum. Following this, the operator prepares himself and the patient for a sterile procedure, the delay thus incurred ensuring that the anaesthetic has had time to take effect. With the patient lying supine, a vertical stab incision is made with a No. 11 scalpel blade at the same site and in the same direction. The point of the blade must be advanced 1 to 2 cm beyond the skin, to ensure that the stab extends through the linea alba into the pre-peritoneal fat. This will allow subsequent easy passage of a peritoneal dialysis catheter directed in the same line. A definite 'give' is felt as the point of the trocar with mounted catheter pierces the peritoneum, following which the catheter is fed into the peritoneal cavity and the trocar withdrawn. The patient should not be permitted to view this procedure, and his attention must be distracted throughout by an attendant. Following insertion of the catheter, a syringe is attached and aspiration attempted. If the syringe fills with blood, the test is unequivocally positive and the catheter is immediately withdrawn without the need for lavage. Otherwise one litre of normal saline is infused (proportionately less in children) which takes a few minutes only. On completion of the infusion, the drip tubing is cut and the end placed in a transparent container on the floor allowing the lavage fluid to drain by gravity. In cases of pelvic fracture with its often extensive retroperitoneal haemorrhage a supraumbilical approach has been shown to result in a much lower incidence of falsely positive results. 6 Usually simple inspection alone is necessary to interpret the result. If the fluid is clear or lightly blood-stained, the test is negative. If the fluid is unequivocally heavily blood-stained, the test is positive. A useful rule-of-thumb is that if newsprint can be read through the tubing, the test is negative. A surprisingly small amount of blood can impart a reddish colour to the lavage solution, which may reflect bleeding at the puncture site, minor visceral trauma or subperitoneal haemorrhage (e.g. pelvic fractures). This test has replaced the fourquadrant tap, which is notoriously unreliable. Moreover, it can be safely used in patients with bleeding diatheses such as dilutional coagulopathy secondary to massive crystalloid or blood transfusion and trauma-related disseminated intravascular coagulation. 12 Should an experienced operator find the test equivocal, an unusual event, an RBC count of IOO,OOO/mm 3 has been shown to be a reasonable dividing line. 13 Retroperitoneal visceral rupture and devascularising mesenteric tears may occasionally result in false negative results due to minimal intraperitoneal bleeding. Bile-stained fluid is an absolute indication for urgent laparotomy. The usefulness of WBC counts and amylase-endotoxin complex identification has yet to be established. 14 Most errors in blunt abdominal trauma are falsepositive results, although with experience these occur very rarely. Peritoneal lavage is also useful in penetrating trauma, although in this group of patients false-negative lavages account for most errors. 8 Once the diagnosis of haemoperitoneum has been made, the next task is usually to determine the site of the bleeding. There are some exceptions, however. If the patient continues to bleed following initial resuscitation, urgent laparotomy is required. In other instances, a clear history of the injury (e.g. a football injury to the left lower ribs) will identify beyond reasonable doubt the injured viscus without the need for urgent imaging investigations.
Liver spleen scintigraphy. The solid intraperitoneal organs account for most cases of gross haemoperitoneum, and liver/spleen scanning has stood the test of time as a reliable modality for localising the site (and to a lesser extent the severity) of the injury. This investigation is particularly useful in delineating hepato-splenic contusions, in the evaluation of the restless or unco-operative patient, and in children. 15 Computed Tomography (CT). The widespread availability of this technique in recent years represents the second major advance in abdominal trauma management. Numerous authors attest to its supremacy, particularly in patients with multiple trauma, including retroperitoneal injury. [15] [16] [17] [18] [19] [20] Its ability to demonstrate clearly the anatomical extent of the injury is of benefit to the surgeon, both in his decision to operate and in determining the type of surgery required. As conservative management of demonstrable solid organ damage becomes increasingly practised, CT scanning assumes even greater importance in the initial decision making and in monitoring the evolution of the injury. In a recent large study, no patient with hepatic, splenic or renal injury delineated by CT scanning, who was initially managed non-operatively, required subsequent laparotomy. 16 The value of ultrasonography is limited by the presence of bowel gas, which is exacerbated by the ileus associated with any insult to the abdomen. However, it is a useful test in assessing damage to the liver and spleen, when other techniques are not available. Arteriography should never be used for initial diagnosis, although it is sometimes useful when embolisation is considered (vide supra) or in determining the extent of devascularisation of a solid organ, usually kidney or liver. Laparoscopy is advocated by some,21 but has not gained widespread acceptance. Most regard it as more complicated and dangerous than peritoneal lavage with little if any extra diagnostic yield.
The major decision confronting the surgeon is whether to operate. If normovolaemia cannot be obtained despite rapid transfusion, the decision must be made to operate without resorting to time-consuming investigations. Moreover, as in other areas of medical practice, if the results of investigations do not tie in with the clinical picture, management decisions must be based on the latter.
POSTOPERATIVE PROBLEMS
Most abdominal trauma surgery is directed at the control of haemorrhage. Once the operation is completed to the surgeon's satisfaction, it is unusual for subsequent haemorrhage to occur. Should this happen, however, re-operation must not be delayed, and coagulopathies resulting from major transfusion will usually require correction.
Seemingly unrelated abdominal problems may complicate recovery at any stage after surgery. Although much is written about postoperative pancreatitis and its poor prognosis, it is rare unless the pancreas itself has been injured, either ab initio or due to surgical error. Many patients have been subject to an episode of profound hypovolaemia prior to resuscitation, which accounts for the usually transient acute renal failure. Presumably it also accounts for visceral infarction, notably of the small bowel and gallbladder, which occasionally becomes manifest within the first week. A devascularising mesenteric tear in a patient undergoing conservative treatment for abdominal injury will also present with peritonitis and circulatory collapse after a few days of apparent recovery. An intestinal perforation, temporarily localised by its retroperitoneal position or by an omental adhesion, may behave in a similar manner.
Anastomotic leakage is a result of a miscalculation by the surgeon, and is notoriously common in colonic inJuries treated with primary anastomosis, a practice which has been abandoned by military surgeons. This largely avoidable disaster usually becomes apparent on or about the fifth postoperative day.
Pulmonary embolus usually occurs during the second week, and has an increased incidence following splenectomy, the most commonly performed operation for abdominal trauma.
Intra-abdominal abscess formation in the intensive care patient is often characterised by the insidious onset of multiple organ failure rather than specific localising abdominal features, and pyrexia and leukocytosis may be absent. This contrasts with the more sudden demise seen in cases of gut infarction or anastomotic leakage.
Patients recovering from abdominal trauma surgery are by no means immune to incidental disease such as appendicitis and myocardial infarction. Perforated ulcer appears to be more common, particularly in elderly patients on steroid and/or non-steroid anti-inflammatory drugs.
In practice, the management team not infrequently encounters the problem of a patient with gradually deteriorating cardiorespiratory and renal function with no obvious cause. The patient may have no abdominal pain and examination reveals slight distension with occasional or absent bowel sounds but no tenderness or guarding. When extra-abdominal causes have been reasonably excluded and the patient continues to decline, laparotomy must be seriously considered as an investigative procedure. In many instances, this will prove to be negative, usually with surprisingly little deleterious effect on the patient's condition. However, surgically remediable conditions are often discovered, and rapid recovery ensues in an otherwise fatal situation.
The successful management of abdominal trauma, in both the pre-and postoperative phases, depends on the skill and co-operation of the anaesthetist, radiologist, surgeon, intensivist and nurse. In no other area of medical practice is this team approach more necessary.
